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The convergent genetics of mimetic wing patterns
Chris Jiggins
University of Cambridge, Cambridge, UK
The wing patterns of Heliconius butterflies are a classic example of
adaptation and phenotypic convergence due to mimicry. They offer
elegant examples of an evolutionary experiment in which multiple
populations and species have repeatedly evolved the same phenotype.
We have studied both the evolutionarily important 'switch' genes that
control differences in wing pattern between populations and species,
and the downstream 'effector' genes in pigmentation pathways that
are responsible for painting patterns ontowings. Ebony and tan, genes
in the melanin pathway show predictable expression patterns, in
which all red, yellow and black wing regions from all Heliconius
species studied show common patterns of expression. This implies a
modular control of pigmentation and scale development. Similarly, the
genes controlling wing pattern variation are also shared between
divergent lineages - the samegenes control similar patterns inmimetic
species. Furthermore, genealogical analyses of these regions implies
that novel patterns may often be generated through hybridisation as
well as novel mutation. Analysis of whole genome sequences suggests
that these wing patterning regions are under strong divergent
selection, but that the fixation of novel patterns is relatively ancient
and does not show evidence for recent selection.
doi:10.1016/j.ydbio.2011.05.022
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In Drosophila melanogaster the sex-determination transcription
factor Doublesex (Dsx) and homeotic proteins function cooperatively to
regulate a number of sexually dimorphic characters. One such trait is
adult abdominal segment number; males have one fewer segment than
females. Segment number is monomorphic during embryogenesis and
larval development. However, during pupation Abdominal-B (Abd-B)
and Dsx mediate sex-specific developmental programs that result in
reduction and loss of the terminal male abdominal segment. This
sexually dimorphic character is shared among the monophyletic higher
dipetera (the Brachycera), while lower diptera retain the ancestral
monomorphic trait. Therefore adult segment number in Drosophilia can
servenot onlyas amodel for sexually dimorphic developmentand tissue
reorganization, but may also provide insight into the evolution of
complex morphological traits. We have determined that sex-specific
regulation of the segment polarity gene Wingless functions in concert
with segment-specific control of programmed cell death to mediate
removal of the terminal male abdominal segment during pupation.
Additionally, we provide evidence that regulation of at least one
additional signal, mediated through the Drosophila epidermal growth
factor receptor (DER), contributes to male specific segment loss. A
combination of decreased proliferation, cell fate transformation and
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Hox genes play a fundamental role in determining positional
identity along the primary body axis during embryogenesis. P recise
control of the spatio-temporal domain of expression is crucial for the
function of these genes. In mammals, 39 Hox genes are present in
four genomic clusters, which have been maintained without splitting
despite two rounds of whole-genome duplication. This suggests that
some aspects of Hox regulation may require this clustered organiza-
tion and that cis -regulatory elements may act on multiple genes
through enhancer sharing or long-range regulation. In this study,
we utilized recombineering technology to label multiple genes
with different reporters in bacterial artificial chromosomes (BAC)
containing the m ouse HoxB cluster. In contrast to plasmid-based
reporters, t ransgenic lines harboring the modified BAC faithfully
recapitulated endogenous gene expression patterns suggesting that
local cis -elements are insufficient for proper regulation of 5’ Hoxb
genes. Retinoic acid (RA) signaling is implicated in early positioning
of the anterior boundary and, later, in rostral expansion of the
expression domains of the 5’ Hoxb genes. Even though no RA
response element (RARE) has been identified in the 5’ region of the
HoxB cluster, several RAREs are present around Hoxb4 . Mutation of
these RAREs individually or in combination in our BAC reporters,
greatly affected expression of the 5’ Hoxb genes. Inactivation of one of
these RAREs within the endogenous locus indicates that it plays an
integral role in long-range regulation of multiple 5’ Hoxb genes
during normal embryogenesis. We will present our latest findings
and discuss their implications.
doi:10.1016/j.ydbio.2011.05.024
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